We investigated mechanisms regulating ET-1 expression in human umbilical vein endothelial cells (HUVEC) in response to glucose and the functional significance of these mechanisms. Permeability across HUVEC, grown in medium containing either low (5 mmol/l) or high (25 mmol/l) D-glucose were investigated. L-glucose was used as a control. ET-1, ET A , and ET B mRNA were assessed by semiquantitative RT-PCR. ET-1 immunoreactivity and F-actin microfilament assembly were investigated using confocal microscopy. Increased transendothelial permeability was noted in cells cultured in high glucose or when the cells grown in low (physiologic) glucose were incubated with ET-1, vascular endothelial growth factor (VEGF), or N (G) -nitro-L-arginine methyl ester but not when they were incubated with ET-3, N(G)-nitro-D-arginine methyl ester, or L-glucose. Increased permeability was associated with increased ET-1, ET A , and ET B mRNA expression and augmented ET-1 immunoreactivity. High glucose induced increased permeability, increased ET-1, ET A , and ET B mRNA expression. ET-1 immunoreactivity was blocked by the protein kinase C (PKC) inhibitor chelerythrine, the specific PKC isoform inhibitor 379196, VEGF-neutralizing antibody, or the ET A blocker TBC11251, but was not blocked by the specific ET B blocker BQ788 or by a VEGF-non-neutralizing antibody. Increased permeability was also associated with deranged F-actin assembly in the endothelial cells and by derangement of endothelial cell junctions as assessed by electron microscopy. Data from this study suggest that high glucose-induced increased permeability may be induced through increased ET-1 expression and disorganization of F-actin assembly. ET-1 expression and increased permeability may occur secondary to PKC isoform activation and may be modulated by VEGF and nitric oxide. (Lab Invest 2000, 80:1311-1321.
A bnormalities in vascular endothelial cells may be a key factor in the initiation of diabetes-induced functional and structural alterations in the target organs of diabetic complications (King et al, 1993; Porta, 1996) . Several biochemical changes secondary to hyperglycaemia may occur in the target organs of diabetic complications. These may include polyol myo-inositol-related metabolic defect, non-enzymatic glycation, altered redox potential, and protein kinase C (PKC) activation (Brownlee et al, 1988; Greene et al, 1987; King et al, 1993; Koya and King, 1998; Williamson et al, 1993) . These mechanisms are interactive and several, such as PKC activation and nonenzymatic glycation, may modulate gene expression of vasoactive factors. Alteration of vasoactive factors and their interactions may ultimately dictate vascular functional changes in diabetes (Porta, 1996) . Several vasoactive factors may be important in diabetes. Among such factors, endothelins (ET) are produced by endothelial cells and several other cell types in the target organs of diabetic complications (Chakrabarti and Sima, 1997; Chakravarthy et al, 1994; MacCumber et al, 1991) . ET are 21-amino acid vasoactive peptides with widespread tissue distribution and biological actions. ET act via three sets of receptors ET A , ET B , and ET c and transduce signals via a G-proteinmediated pathway (Simonson, 1993; Vanhoutte, 1994) . We and others have previously shown that ET-1 and ET-3 mRNA, immunoreactive proteins, and their receptors are up-regulated in the retina of diabetic and galactose-fed rats Chakravarthy et al, 1997; Deng et al, 1999; Evans et al, 1998) . We have also demonstrated that treatment with a general ET receptor blocker can prevent short-term diabetes and galactosemia-induced increase in resistivity index (a marker for vasoconstriction) in the rat retinal vasculature Evans et al, 1998) . Similar vascular dysfunction in the retina has also been prevented by treatment with a PKC inhibitor (Ishii et al, 1996) . ET-1 antagonism prevented diabetes-induced vasoconstriction and reduced nerve conduction velocity in the peripheral nerve (Cameron et al, 1994) . ET-1 has several biologic activities (Levin, 1995) . In addition to being the most potent vasoconstrictor, ET-1 acts as a permeability factor in the vascular endothelium (Levin, 1995; Simonson, 1993; Vanhoutte, 1994) . In long-term diabetes, ET may regulate extracellular matrix protein gene expression in the target organs of diabetic complications Nakamura et al, 1995) . In kidneys from streptozotocin-induced diabetic rats, increased extra-cellular matrix protein production is ameliorated by treatment with an ET A inhibitor (Nakamura et al, 1995) . ET-1 expression is modulated by PKC and vice versa (Levin, 1995; Simonson, 1993; Vanhoutte, 1994) . Moreover, vascular endothelial growth factor (VEGF), which probably acts as a permeability factor in diabetes, is further activated in hyperglycaemia via a PKCdependent pathway (Aiello et al, 1997) . The possibility of a co-stimulatory relationship between VEGF and ET-1 has also been suggested (Pedram et al, 1997) . Among the vasodilators, a feedback regulatory mechanism exists between ET-1 and the well known vasodilator, nitric oxide (NO), in which increased NO inhibits ET-1 synthesis and increased ET-1 inhibits NO synthesis (Levin, 1995; Simonson, 1993; Vanhoutte, 1994) .
Conceptually, ET-1 may interact with several other vasoactive factors in mediating its effect in diabetes. To further explore the mechanisms of ET-1 action in hyperglycaemia and to delineate its relationship with PKC, NO, and VEGF, we investigated ET-1 and its receptor expression, their functional significance and their interaction with other vasoactive factors in HUVEC.
Results

Cell Viability and Proliferation
Cell viability (assessed by trypan blue dye exclusion) did not show any significant differences between cells cultured in 5 mmol/l of glucose (physiologic) and in 25 mmol/l of glucose (high) for up to 96 hours. Cell proliferation (assessed by XTT assay) showed a significantly ( p Ͻ 0.008) lower cell proliferation rate after 72 hours in cells cultured under hyperglycaemic conditions (1.128 Ϯ 0.002) compared with cells cultured under normoglycaemic conditions (1.964 Ϯ 0.028).
Cell Permeability
When HUVEC in 5 mmol/l of glucose were exposed to ET-1, VEGF, or N(G)-nitro-L-arginine methyl ester (L-NAME), but not to N(G)-nitro-D-arginine methyl ester (D-NAME), an increase in permeability across the endothelial cell barrier was observed. The PKC activator PMA also caused increased permeability. Incubation of HUVEC with D-glucose caused an increase in the permeability across the endothelial cell barrier (Fig. 1) . Incubation with 25 mmol/l of L-glucose for up to 96 hours did not produce any change in the permeability. Increased permeability induced by a high glucose level was completely blocked by a specific ET A blocker, TBC11251. When the cells were incubated with the general PKC inhibitor chelerythrine, the specific PKC inhibitor 379196, or the specific ET B blocker BQ788, the permeability was significantly reduced, but did not reach the level of reduction seen with TBC11251. When the cells were treated with a VEGF-neutralizing antibody, a similar effect was seen. Treatment with genistein or a VEGF-non-neutralizing antibody did not have any effect on glucose-induced increased permeability (Fig. 1) .
mRNA Expression
Incubation of HUVEC with glucose caused a dose-and time-dependent increase in ET-1 mRNA expression as- 
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sessed by semiquantitative RT-PCR; peaking at 30 mmol/l of glucose or after 72 hours at 25 mmol/l (Fig. 2) . Similar increases were seen in ET A and ET B mRNA levels. The changes in ET-1 mRNA expression correlated with the permeability results. The increase in ET-1 mRNA expression induced by high glucose was completely prevented by incubation with the general PKC inhibitor chelerythrine, the specific PKC inhibitor 379196, or the VEGF-neutralizing antibody. Because chelerythrine, 379196, and VEGF-neutralizing antibody reduced ET-1 expression below the basal level, we investigated the effects of these compounds on basal ET-1 mRNA expression. Each of these compounds significantly inhibited basal ET-1 mRNA synthesis in physiologic (5 mmol/l) glucose (data not shown). No effects were observed when cells in high glucose were incubated with the VEGF-non-neutralizing antibody, BQ788, or with the PKA inhibitor N-tosyl-N-phenylalanin chlormethyl (data not shown). Interestingly, TBC11251 had some inhibitory effects on ET-1 mRNA expression. Cells in 5 mmol/l of glucose incubated with VEGF or L-NAME showed similar increases in ET-1, ET A , and ET B mRNA. Incubation with 25 mmol/l of L-glucose did not produce any changes in the expression of these mRNA (Fig. 2) . Incubation with 25 mmol/l of D-glucose but not L-glucose also caused increased VEGF mRNA (all isoforms) expression (data not shown).
Immunoreactive ET-1 Protein Expression by Confocal Microscopy
Data from ET-1 immunofluorescence and confocal microscopy of the HUVEC were similar to the mRNA expression data. Incubation of HUVEC with 25 mmol/l of glucose caused increased ET-1 immunoreactivity. Similar increased ET-1 immunoreactivity was also seen when cells grown in 5 mmol/l of glucose were incubated with L-NAME (not with D-NAME) or VEGF (Fig. 3) . The increased immunoreactivity induced by high glucose was prevented by the general PKC inhibitor chelerythrine, the specific PKC inhibitor 379196, or the VEGFneutralizing antibody. TBC11251 incubation produced slightly reduced immunoreactivity. No effects were seen when the cells in high glucose were incubated with VEGF-non-neutralizing antibody or BQ788.
F-Actin Staining
At normal glucose levels, most of the actin filaments were arranged along the periphery of the cells; very few fibers were seen at the center. Incubation of HUVEC in 5 mmol/l of glucose with ET-1 (but not ET-3), L-NAME, or VEGF, or in 25 mmol/l of D-glucose (but not L-glucose) produced diffuse and irregular actin filament patterns with increasing accumulations of filaments in the cell centers, stress fiber formation, a particulate immunoreactivity pattern, and higher overall immunoreactivity. Incubation of cells cultured in 25 mmol/l of glucose with TBC11251 or BQ788 showed partial protection against glucose-induced actin fiber disorganization. Although there were some filaments in the center, most were present at the periphery. Incubation with chelerythrine, 379196, and VEGF-neutralizing antibody had similar effects (Fig. 4) . 
Electron Microscopy
Electron microscopic analysis of the endothelial cells showed intact cell junctions among endothelial cells incubated in 5 mmol/l of D-glucose. However, incubation of cells in 25 mmol/l of D-glucose or in ET-1 (which lead to increased permeability) produced disruptions of the endothelial cell junctions (Fig. 5 ).
Discussion
We demonstrated that augmented ET-1 production in hyperglycaemia causes increased permeability across endothelial cell barriers. Additionally, our data demonstrate interesting interactions among various vasoactive factors in the production of increased permeability. ET-1 was previously known to increase endothelial cell permeability. In the present study, cells grown in 5 mmol/l of glucose showed increased transendothelial permeability when incubated with ET-1 but not when incubated with ET-3. Both VEGF and L-NAME caused increases in permeability in association with increased ET-1 mRNA and immunoreactive protein expression. Similar increases in permeability were seen with the PKC stimulator PMA. A stimulatory interaction of ET-1 
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and VEGF has previously been described (Matsuura et al, 1998; Pedram et al, 1997) . In this study, cells incubated in high glucose showed increased VEGF mRNA expression similar to previous studies (Duh and Aiello, 1999) . Thus, it is possible that both PKC activation and increased VEGF may contribute to increased ET-1 mRNA expression and increased permeability. Our study shows that, similar to the euglycemic condition, a stimulatory relationship between ET-1 and VEGF may be important in inducing increased transendothelial permeability mediated by glucose in hyperglycaemia. Additionally, a reciprocal relation exists between ET-1 and NO (Levin, 1995; Simonson, 1993; Vanhoutte, 1994) . Among the inhibitors used to block hyperglycaemia-induced permeability, blockage of ET A was the most effective; although significant reduction was also seen with VEGFneutralizing antibody, and general and specific PKC isoform inhibition as well as ET B receptor blockade. VEGF-neutralizing antibody reduced the ET-1 mRNA and protein expression induced by high glucose as well as ET A and ET B mRNA expression, and increased endothelial cell permeability. Furthermore, VEGF in HUVEC grown in normal glucose increased ET-1, ET A , and ET B mRNA expression along with endothelial cell permeability. Thus, at least part of the VEGF-induced increased permeability in early diabetes is probably mediated via ET-1. The efficacy of VEGF-neutralizing antibody used in this study has previously been examined in animal experiments (Kanai et al, 1998 ) . A non-neutralizing antibody provided adequate control for these experiments. The present study suggests that the ET-1-mediated permeability alteration in HUVEC in hyperglycaemia is mediated via both ET receptors. Because blockade of the ET A receptor was more effective than blockade of ET B receptors, the ET A receptor may be the main receptor by which ET-1 modulates glucose-induced increased permeability. However, this study also demonstrated that basal ET-1 mRNA expression and augmented ET-1 mRNA expression in hyperglycaemia are mediated in part via the PKC isoform. This isoform has been identified as important in mediating vasoconstriction in early diabetes (Ishii et al, 1996; Koya and King, 1998) .
The increased permeability and augmented ET-1 expression was associated with defective F-actin microfilament assembly in hyperglycaemia. These changes were partially corrected by ET receptor antagonists, general PKC and PKC, and VEGF neutralization.
Reorganization of actin microfilament assembly has previously been demonstrated in endothelial cells grown in high glucose-containing media and in retinal capillary endothelial cells in diabetes (Salameh et al, 1997; Yu et al, 1998) . Furthermore, in certain conditions, increased endothelial permeability and increased ET-1 expression in endothelial cells has been associated with deranged actin assembly (Kolodgie et al, 1999; Malek et al, 1997) . Our data suggest that actin filament reorganization may represent a mechanism by which ET-1-mediated increased permeability across the endothelial cells is mediated in response to hyperglycaemia. Additionally, we have demonstrated disruption of endothelial cell junctions in association with increased permeability. These two mechanisms are probably related (Zhou et al, 1995) . However, other mechanisms may also be involved. Interestingly, ETconverting enzyme has recently been localized to the F-actin microfilament in smooth muscle cells (Barnes and Turner, 1999) .
Increased vascular permeability is an important pathogenetic feature of endothelial cell dysfunction in diabetic microangiopathy. Alteration of the ET system has been demonstrated in several target organs of diabetic complications in association with functional alteration of blood flow in these organs (Cameron et al, 1994; Chakrabarti et al, 1998; Chakravarthy et al, 1997; Deng et al, 1999; Evans et al, 1998) . Increased serum levels of ET-1 has been demonstrated in diabetic patients and in animal diabetes (Hopfner et al, 1999; Tarquini et al, 1997) . Our study suggests that a similar ET-related mechanism may be involved in mediating hyperglycaemia-induced permeability alteration in diabetes. The importance of ET alteration is increasingly being recognized as an important mechanism in the generation of several disorders involving vasculature, including diabetic complications (Caballero et al, 1999; Levin, 1995; Sarman et al, 1998; Simonson, 1993; Vanhoutte, 1994) . The effects of ET overexpression may vary during early and late diabetes Deng et al, 1999; Hopfner et al, 1999) . In early diabetes, ET-mediated vasoconstriction and/or permeability alterations are important; whereas in chronic diabetes, up-regulation of ET may lead to increased extracellular matrix protein synthesis and structural alterations, as shown in the kidney and retina of diabetic animals Deng et al, 1999; Evans et al, 1999) . However, other factors derived from the endothelium and from various adjacent cells may interact and modulate ET effects. The ultimate results of these interactions would subsequently manifest as functional and/or structural alterations in the target organs of diabetic complications. Data from this and other studies also suggest that ET-receptor blockade may represent a potential adjuvant therapeutic pathway for the treatment of diabetic complications.
Materials and Methods
Reagents
All reagents were obtained from Sigma Chemical Company, St. Louis, Missouri unless otherwise mentioned.
Cell Culture
The HUVEC line was obtained from American Type Culture Collection (Rockville, Maryland). These cells were plated at 2500 cells/cm 2 in Endothelial Cell Growth Medium (EGM) (Clonetics, Walkersvile, Maryland). EGM is a modified MCDB 131 formulation and is supplied with 10 ng/ml of human recombinant epidermal growth factor, 1.0 g/ml of hydrocortisone, 50
Endothelins and Glucose in Endothelial Cells
Laboratory Investigation • August 2000 • Volume 80 • Number 8 g/ml of Gentamicin, 50 ng/ml of Amphotericin B, 12 g/ml of bovine brain extract, and 10% fetal bovine serum. Cells were grown in 25 cm 2 tissue culture flasks. Appropriate concentrations of glucose were added to the media when cells were 80% confluent. For permeability assays, HUVEC were grown in inserts (see "Permeability Assay") and incubated at 37°C in 5% CO 2 until confluent.
Cell Proliferation and Cell Viability
Cell viability was measured by trypan blue dye exclusion and cell proliferation was evaluated by the microculture tetrazolium assay using XTT (2, 3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]-2H-tetrazolium hydroxide) (Scudiero et al, 1988) . Cells were seeded in 96-well plates (3,200 cells/well, 10,000 cells/cm 2 ) in 100 l. After 24 hours, experimental agents were applied (100 l) and the cultures were incubated for 1, 3, or 5 days at 37°C. Fifty micrograms of XTT and 0.38 g of phenazine methosulfate were added to each well (50 l) after cell inoculation. The cells were incubated at 37°C for 4 hours, the plates were mixed on a mechanical plate shaker, and absorbance at 450 nm was measured with the Bio-Rad Model 3550 Microplate Reader (BioRad Laboratories, Hercules, California). Experiments were performed in triplicate.
Permeability Assay
For the detection of permeability, albumin diffusion across endothelial monolayers was studied (Bonner and O'Sullivan, 1998) . Cell culture inserts (3.0 m; Becton Dickinson Labware, Franklin Lake, New Jersey) were coated with 50 g/ml of type I collagen in 20 mmol/l of acetic acid for 1 hour at 23°C. Inserts were then washed with HEPES buffered saline (137 mmol/l of NaCl, 4 mmol/l of KCl, 6 mmol/l of glucose, and 20 mmol/l of HEPES, pH 7.45) to remove excess protein.
Complete medium was added to both insert and well, and the membrane was equilibrated for 3 hours at 37°C in 5% CO 2 . HUVEC were trypsinized from tissue culture flasks, washed three times with complete medium, and grown on inserts at 8 ϫ 10 5 cells/insert. The inserts were incubated at 37°C in 5% CO 2 , and the cultures were examined by phase-contrast microscopy after 2 to 4 days. Stimuli and inhibitors were added to both the insert and the lower well. HUVEC monolayers grown on inserts were gently washed with HBSS and incubated in 6-well plates containing 3 ml of HBSS per well. The monolayers were covered immediately with 2 ml of HBSS containing a trypan blue-albumin complex (trypan blue 0.035%, BSA 0.8%). Fluid volumes were selected to yield no hydrostatic gradient across the monolayer. The preparations were incubated at 37°C and 5% CO 2 with continuous agitation. Samples were collected every 5 minutes from the bottom well up to 40 minutes and were replaced by an equal volume of HBSS. Absorbance at 590 nm was measured from both the insert and the lower well fluids. Results were expressed as percentage clearance of BSA as previously described (Bonner and O'Sullivan, 1998) . Cells were incubated with 5 mmol/l or 25 mmol/l of glucose for 96 hours and for an additional 30 minutes with the stimulator or inhibitor before the assessment of permeability. Twenty-five millimoles/liter of L-glucose was used as control. In all experiments, L-NAME, D-NAME, the specific ET A blocker TBC11251 (courtesy of Dr. R. Tilton, Texas Biotechnology Corporation, Houston, Texas), and the PKA inhibitor N-tosyl-N-phenylalanin chlormethyl were used at 10 mol/l. PMA was used at 60 ng/l. The selective ET B blocker BQ788 and the PKC inhibitor chelerythrine were used at 1 mol/l. VEGF was used at 50 ng/ml; VEGF antibodies (R and D Systems, Minneapolis, Minnesota) at 0.1 g/ml; 379196 (courtesy Dr. D. Kirkways, Eli Lilly Company, Indianapolis, Indiana) at 30 nmol/l; and ET-1 and ET-3 (Peninsula Laboratories, Belmont, California) at 500 pmol/l.
Confocal Microscopy
Cells grown on 18 mm round coverslips in 12-well plates were washed with EGM and incubated with experimental agents diluted in EGM. The concentration and exposure time of the agents were determined in preliminary experiments. Fluorescence cell labeling was performed after fixation with methanol:acetone (1:1, v/v) and permeabilization in 0.1% Triton X-100 for 30 minutes. Non-specific immunoreactivity was blocked with 5% normal goat serum and 1% BSA in PBS containing 0.1% Tween-20 for 1 hour at room temperature. Purified polyclonal ET-1 rabbit antibody (Peninsula Laboratories) in blocking solution was added to the slides for 1 hour at room temperature. The cells were washed three times with PBS for 5 minutes and incubated for 40 minutes with goat antirabbit IgG labeled with Texas Red (Vector Laboratories, Burlington, Ontario, Canada). After three washes in PBS and two washes in water, slides were mounted in Vectashield fluorescence mounting medium with DAPI (Vector Laboratories) for nuclear staining.
Fluorescence microscopy was performed by an examiner unaware of the identity of the sample using a Zeiss LSM 410 inverted laser scan microscope equipped with fluorescein, rhodamine, and DAPI filters (Carl Zeiss Canada Ltd., North York, Ontario, Canada).
F-Actin Staining
F-actin staining was performed according to a previously described methodology (Zheng et al, 1996) . Briefly, confluent monolayers of cells in various conditions were rinsed with PBS, fixed in methanol:acetone (1:1, v/v) for 10 minutes on ice, washed with PBS, incubated with alexa-labeled phalloidin (Molecular Probes Inc., Eugene, Oregon) for 40 minutes at room temperature, washed extensively with PBS, and mounted with Vectashield fluorescence mounting media (Vector Laboratories) and examined on a Zeiss LSM 410 inverted laser scan microscope (Carl Zeiss Canada Ltd.) by an examiner unaware of the specimen identity.
Electron Microscopy
After permeability experiments, the inserts with attached HUVEC were fixed in 2.5% glutaraldehyde in phosphate buffer and processed for EPON embedding. Ultrathin sections on 200 mesh nickel grids were stained with uranyl acetate and lead citrate and examined electronmicroscopically.
RNA Isolation
TRIZOL reagent (Canadian Life Technologies Inc., Burlington, Ontario, Canada) was used to isolate RNA. RNA was extracted with chloroform followed by centrifugation to separate the solution into aqueous and organic phases. RNA was recovered from the aqueous phase by precipitation with isopropyl alcohol and suspended in DEPC-treated water. Quantitation of RNA was performed by determining the absorbances at 260 nm and 280 nm.
First Strand cDNA Synthesis
First strand cDNA synthesis was performed using Superscript-II system (Canadian Life Technologies Inc.). RNA was added to Oligo (dT) primers (Canadian Life Technologies Inc.), denatured at 65°C, and quenched on ice for 10 minutes. Reverse transcription was carried out by the addition of MMLV-reverse transcriptase and dNTP at 42°C for 50 minutes in a total reaction volume of 20 l. The reaction was terminated by a 15-minute incubation at 70°C. The resulting RT products were stored at Ϫ20°C.
Polymerase Chain Reaction
The amplification was carried out as previously described Deng et al, 1999) using the following cDNA sequences. For ET-1, primer 1 (antisense, 5Ј-GGACATCATTTGGGTCAACACTCC-3Ј) and primer 2 (sense, 5Ј-CCAATCTTGGAAC-AGTCTTTTCCT-3Ј) with a predicted product size of 269 bp were used; for ET A , primer 1 (antisense, 5Ј-TGGCCTTTTGATCACAATGACTTT-3Ј) and primer 2 (sense, 5Ј-TTTGATGTGGCATTGAGCATACAGGTT-3Ј) with a predicted product size of 302bp were used; for ET B , primer 1 (antisense, 5Ј-ACTGGCCATTTGGA-GGTGAGATGT-3Ј) and primer 2 (sense, 5-CTGCAT-GCCACTTTTCTTTCTCAA-3Ј) with a predicted product size of 428 bp were used (Adner et al, 1996; Berge et al, 1997) . For VEGF primers, primer 1 (antisense, 5Ј-GTCAGTGGCCTTGTGAGCATG-3Ј) and primer 2 (sense, 5Ј-CAGATAGTCAGGGATCATGGGA-3Ј) were used, with expected product sizes of 635bp, 563bp, and 431bp for VEGF 188, VEGF 164, and VEGF 120, respectively (Cullinan-Bove and Koos, 1993) . Reactions were performed in 30 l volumes containing 1x PCR-buffer, 1.5 mmol/l of MgCl 2 , 250 M of dNTP mix, 1 M of each amplification primer, 2.5 U of Taq polymerase, and 4 l of the RT product. The amplification for ET-1, ET A , and ET B were carried out as follows: 1 minute at 94°C (denaturation), 1 minute at 54°C (annealing), and 3 minutes at 72°C (extension).
For ET-1 and ET B , 30 cycles of amplification were performed; for ET A , 40 cycles of amplification were performed. Simultaneously, a housekeeping gene (␤-actin) was amplified in a separate set of tubes using the same RT product and similar cycling parameters; 5Ј-CCTCTATTCCAACACAGTGC-3Ј and 5Ј-CAT-CGTACTCCTGCTTGCTG-3Ј primer sets with a predicted product size of 210 bp were used.
The amplification products were analyzed on a 3% agarose gel in 1 ϫ tris-acetate-EDTA buffer. Eight microliters of each PCR product was subjected to electrophoresis at 110 volts for 60 minutes. The gels were stained with ethidium bromide and visualized under UV light. Positive amplification for ET-1, ET A , ET B , and ␤-actin were demonstrated as single bands of the desired size.
Southern Hybridization
The specificities of the amplifications were confirmed by southern blot after transferring the PCR product from the gel onto nylon membranes after denaturation and neutralization. Hybridizations were performed with biotinylated amplification product-specific oligoprobes (ET-1: 5Ј-TGCCAAGCATGAAAAGAACT-3Ј, ET A : 5Ј-GGAATTGGGATTCCTTTGGT-3Ј, and ET B : 5Ј-TCCCGTTCAGAAGACAGCTT-3Ј) (Adner et al, 1996; Berge et al, 1997) . A similar amplification productspecific oligoprobe (5Ј-GCTCTATCCTGGCCTC-ACTG-3Ј) was used for ␤-actin. Detection was carried out using a nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (NBT/BCIP) (Life Technologies Inc., Burlington, Ontario, Canada) system.
Quantitation
Quantitation was performed by serial dilution and slot-blot hybridization and densitometry of the amplification products from the upstream primer (after 35 cycles for peptide mRNA and 30 cycles for receptor mRNA) on nylon membranes as previously described Deng et al, 1999) . Hybridization was performed using the biotinylated oligoprobes as described above and detection was performed by NBT/BCIP. The plates were analyzed by a HewlettPackard 4C scanner (Hewlett-Packard, Avondale, Pennsylvania) and using Mocha software (SPSS Inc., Chicago, Illinois). The densitometric values were expressed as arbitrary units per g of total RNA.
Statistical Analysis
The data are expressed as mean Ϯ SEM and were analyzed by ANOVA followed by Student's t test with Bonferroni's corrections.
